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ABSTRACT:
Large-eddy simulations (LES) have been conducted in OpenFOAM to estimate wind loads on 3 m cube shaped roofmounted equipment for seated and three elevated configurations. The study aims to interpolate existing experimental
data for different equipment elevations. The LES results were first validated against wind tunnel data using mean as
well as fluctuating pressure and force coefficients for a few representative cases. The results from the simulations
suggest that the uplift wind loads can be reduced by up to 50% (approximately) for elevated equipment in general. In
contrast, the drag wind loads remain relatively unchanged.
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1. BACKGROUND
Recent Federal Emergency Management Agency (FEMA) damage surveys conducted in the
aftermath of major hurricanes indicate widespread failure to rooftop equipment. Failure of rooftop
equipment due to wind have several consequences. Notably, displaced equipment tears up the roof
membrane and creates a large opening on the roof, allowing water to infiltrate the building
envelope. In some cases, blown-up equipment becomes high-momentum windborne debris,
damaging the roof and the surrounding buildings located downwind (Reinhold, 2006). An accurate
estimation of the wind loads on these kinds of equipment is essential to minimize wind related
damage.
ASCE 7-16 (2017) addresses the wind loads for rooftop equipment; it outlines the procedure for
calculating drag and uplift force coefficients. However, the recommendations in ASCE 7-16
(2017) do not explicitly differentiate between seated and elevated rooftop equipment. A recent
study conducted by Doddipatla and Kopp (2021) suggested revising ASCE 7-16 (2017) guidelines
to account for size and elevation of the rooftop equipment. The study considered equipment with
different elevations (𝐶) mounted on an industrial building with height (ℎ) and showed that, for
𝐶/ℎ ≥ 0.15, the variation in the wind loads was not significant. Nevertheless, it was not clear if
the wind loads would be similar for lower elevations (0 < 𝐶/ℎ < 0.15), a question which forms
the main objective of this study. To investigate this issue in detail, large-eddy simulations were
conducted in OpenFOAM for different equipment elevations with the aim of complementing the
available experimental data.
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2. NUMERICAL MODEL
The simulations were performed at a model scale of 1:50, matching that of the experimental
prototype. A cube-shaped piece of equipment with a full-scale side length, S = 3 m mounted on an
industrial building with dimensions (𝐿 × 𝐵 × ℎ) of 45.6 m x 30.4 m x 9.8 m, where 𝐵 is the
width, 𝐿 is the length, and ℎ is the height of the building, is modeled following Doddipatla and
Kopp (2021). The equipment was placed at four different locations on the roof, representing the
corner, perimeter, and field zones. Four elevations (𝐶) were studied, including seated (𝐶/ℎ = 0)
and elevated (𝐶/ℎ = 0.03, 0.09, and 0.15). Ten wind directions from 00 to 900 at 100 increments
were considered, counting to a total of 160 simulation cases. The approaching inlet turbulence for
LES was generated using the CDRFG (Aboshosha et al., 2015) method for an open terrain
exposure condition with aerodynamic roughness height 𝑧0 = 0.02 m. A transient solver based on
the PIMPLE algorithm was adopted with the standard Smagorinsky sub-grid scale model in
OpenFOAM.
3. RESULTS AND CONCLUSION
The pressure and force coefficients found from LES generally matched reasonably well the
experimental data for representative benchmarking cases (𝐶/ℎ = 0, 0.15), as shown in Fig. 1 (a,b).
The LES results suggested that the uplift wind loads are generally reduced by about 50% for all
elevated cases (𝐶/ℎ ≥ 0.03), as depicted in Fig. 1c. However, the drag loads remain relatively
unchanged between seated and elevated cases. Details of the results and observations from the
current study will be presented at the workshop.

Figure 1 Statistical comparison of the lateral ( 𝐶𝐷𝑥 , 𝐶𝐷𝑦 ) and uplift ( 𝐶𝐿 ) force coefficients from LES with
experiment: (a) mean; (b) standard deviation; (c) peak uplift (𝐶𝐿 ) force coefficient
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